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Histone acetylation plays important roles for the
regulation of many fundamental cellular processes.
Saccharomyces cerevisiae Rtt109 is an important
classofhistoneacetyltransferases (HATs),whichpro-
mote genome stability by directly acetylating newly
synthesized histone H3 lysine 56 (H3-K56) through
an unknown mechanism. Here, we report the crystal
structures of Rtt109 at 2.2 A˚ and Rtt109/Acetyl-CoA
binary complex at 1.9 A˚. The structure displays a
vise-like topology withmixed three-layered a/bmod-
ule forming the central module, whose core region
resembles the structure of GCN5 HAT domain and
P300/CBP HAT domain. Using structural and bio-
chemical analyses, we have discovered the catalytic
active site andhave identifiedAsp288as thedeproto-
nation residue and Lys290 as the autoacetylation res-
idue. We have further proposed the unique H3-K56
anchoring pocket and the potential H3aN binding
groove. Our work has provided structural insights
to understand the acetylation mechanism of H3-K56
by Rtt109.
INTRODUCTION
Chromatin appears as repeats of ‘‘beads [nucleosomes] on
a string [DNA linker]’’ with nucleosomes as the basic repeat
units, each consisting of 147 base pairs of DNA wrapped around
a histone octamer (Luger et al., 1997; Saha et al., 2006). The his-
tone amino terminal tails that extend outside the nucleosomes
are potential sites for posttranslational modifications, which reg-
ulate diverse cellular functions such as transcription, chromatin
assembly, and DNA repair. Histones can be acetylated on multi-
ple lysine residues, and acetylation of lysine residues on histone
tails is linked to transcriptional activation.
Histone acetyltransferases (HATs) are the catalytic subunits of
large multiprotein complexes that acetylate predominantly at the
N-terminal nonstructured regions of histones to facilitate tran-
scription (Kuo and Allis, 1998). Lysine 56, at the end of the first
a helix of histone H3, is a novel site for acetylation and the ab-
sence of this modification is associated with extreme sensitivity
to genotoxic agents in yeast (Xu et al., 2005; Masumoto et al.,
2005; Hyland et al., 2005; Ozdemir et al., 2005; Han et al.,
2007a; Driscoll et al., 2007; Ozdemir et al., 2006). Recently, bio-Structure 16, 1503chemical and genetic analyses have demonstrated that yeast
Rtt109 is a member of a new class of HATs responsible for
H3-K56 acetylation (Tsubota et al., 2007; Han et al., 2007b).
Sequence analysis of HAT proteins reveals distinct HAT
families, such as GNAT family, CBP/p300 family, human TAFII1
family, MYST family, and ATF-2 family (Roth et al., 2001). Every
family member exhibits low sequence similarity with other family
members and has a special histone substrate preference (Yan
et al., 2000). For example, detailed structural and functional anal-
yses of tGCN5 from GNAT family reveal a preference of GNAT
family proteins for histone H3 acetylation, whereas structural
and functional analyses of yEsa1 from MYST family reveal a pref-
erence of MYST family proteins for histone H4 acetylation (Yan
et al., 2000; Rojas et al., 1999).
Rtt109 has no apparent sequence similarity with any known
HAT sequence, which suggests Rtt109 may recognize its histone
substrate by using a unique recognition mode. To investigate
the structural basis for the unique substrate recognition by
Rtt109, we now report on the crystal structures of Rtt109, at apo-
form and Acetyl-CoA bound form and the potential acetylation
mechanism of H3-K56.
RESULTS AND DISCUSSION
Overall Crystal Structure of Rtt109/Acetyl-CoAComplex
Crystal structure of full-length Rtt109 from yeast at 2.2 A˚ is deter-
mined by single anomalous diffraction (SAD) phasing, and the
binary complex structure of Rtt109/Acetyl-CoA at 1.9 A˚ is deter-
mined by difference map, with crystallographic statistics sum-
marized in Table S1 (available online). Rtt109 contains eight
b strands and nine a helices (Figure 1A) and displays mixed
three-layered a/b architecture with eight b strands sandwiched
by five a helices (a1-a5) from one side, and four a helices (a6-
a9) from the other side. A 17-amino acid well-ordered long
loop connecting b5 and a4 forms a lid-like architecture traversing
across the b sheets and forms one end blocked widely open
groove for potential substrate binding (Figures 2A and 2C). An-
other 60-amino acid less well ordered long loop connecting a3
and b5 extends from the central module of the structure (there
are 30 amino acids disordered at our structure) and may serve
as a dynamic scaffold to assist or enhance the interaction of
Rtt109 with other proteins (Figures 2A and 2C).
Rtt109 structure reveals one small pocket on the upper side of
the widely open groove, lined by a cluster of highly conserved res-
idues, such as K87, D287, D288, P289, F192, R194, and Y199, to
anchor the potential histone substrate (Figures S1A and S1C),
and one big pocket on the other side, lined by another cluster–1510, October 8, 2008 ª2008 Elsevier Ltd All rights reserved 1503
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Crystal Structures of Rtt109Figure 1. Overall Structure of Rtt109
(A) Sequence alignment and secondary structure of Rtt109. The aligned sequences (SWISS-PROTein ID) are in the order of Rt109_YEAST, Q9Y7Y5_SCHPO,
Q7S1R7_NEUCR, Q75F89_ASHGO and A3LS07_PICST. The secondary structure diagram for Rtt109 is shown on the top. The a helices are colored in yellow,
b strands are colored in green. Conserved residues are shaded in cyan (80% similarity) and green (60% similarity), whereas essentially invariant residues are
shaded in yellow.
(B) Stereo view ribbon representation of Rtt109 showing a three-layered architecture with eight b strands (b1-b8, layer 2) sandwiched by five a helices (a1-a5,
layer 1) at one side and four a helices (a6-a9, layer 3) at the other side. The a helices are colored in yellow, b strands are colored in green, and loop regions are
colored in silver. The loop region connecting a4 and b5 traversing from layer 1 to layer 3 is colored in red.1504 Structure 16, 1503–1510, October 8, 2008 ª2008 Elsevier Ltd All rights reserved
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W222, to harbor the adenine moiety of Ac-CoA cofactor (Figures
S1B and S1D). Notably, both the big pocket and the small pocket
are the entrances of a tunnel just under the lid architecture with
a dimension of 20 A˚ 3 10 A˚ 3 10 A˚ (length 3 width 3 depth).
Rtt109 Shares Structural Similarities with Histone
Acetyltransferases
To investigate the molecular basis for Rtt109-mediated acetyla-
tion, a 3D structure homolog search was performed using a Dali
server (http://www.ebi.ac.uk/dali). Although Rtt109 is a member
of a group of conserved fungi proteins and shares no sequence
similarity with any known histone acetyltransferases, the central
core region of the Rtt109 structure, including b1- b5 and a3- a4,
shares structural homology with that of the tGCN5 HAT domain
(Z score 5.2, rmsd 3.1 A˚, 114 Ca), which belongs to the GNAT
(GCN5-related N-acetyltransferases) family (Figure 2) (Rojas
et al., 1999; Trievel et al., 1999).
Both Rtt109 and tGCN5 adopt mixed a/b architecture with
a putative histone binding groove formed by two a-helix domi-
nant domains (Figures 2A and 2B and Figure S2). Crystal struc-
ture of the tGCN5 /histone peptide/acetyl-CoA complex reveals
that the histone peptide is bound at this particular binding groove
(Figures 2B and 2D) (Rojas et al., 1999).
Figure 2. Structural Comparison of Rtt109
with tGCN5
(A) Cartoon representative of Rtt109/Ac-CoA
complex structure. The central core domain, in-
cluding b1-b5, b7, a2, and a4, is colored in red;
the N-terminal and C-terminal subdomains are
colored in green. Ac-CoA is shown as stick in
cyan and glycerol in yellow.
(B) Cartoon representation of Gcn5/CoA/H3-pep-
tide complex structure. The central core domain is
colored in red and other subdomains are colored
in green. CoA is shown as stick in cyan and bound
H3-peptide shown as cartoon in yellow.
(C) Electrostatic potential surface view of Rtt109.
The dimension of the histone binding groove is
around 16 A˚, which is suitable to accommodate
a standard a helix.
(D) Electrostatic potential surface view of tGCN5.
The dimension of the histone binding groove is
around 11 A˚, which can only accommodate a
random coil structure instead of a standard a helix.
A comparison of Rtt109/Acetyl-CoA
structure with other HAT structures, such
as Esa1/CoA and Hat1/Ac-CoA structures
(MYST family), also reveals structure simi-
larities at the central core domains,
although these HATs belong to different
HAT families (Yan et al., 2000; Dutnall
et al., 1998). Outside the central core re-
gion, Rtt109 displays significant structural
divergence from GNAT members and
MYST members. One of the most remark-
able differences between Rtt109 and all
other HATs is the space distance between two a helices dominant
subdomains surrounding the central core region. Within Rtt109
structure, these two a-helix dominant subdomains are separated
16 A˚ away from each other and exposed for substrate and/or part-
ner protein binding (Figure 2C). By contrast, the space distance
between the N-terminal and C-terminal segments of tGCN5 is
only 11 A˚ and buried inside, where it is reported to bind the
histone N-terminal random coil (Figure 2D) (Rojas et al., 1999).
Rtt109 contains a tunnel with the front entrance for potential
substrate recognition and back entrance for acetyl-CoA binding,
whereas tGCN5 contains two roughly orthogonal shallow sur-
face grooves, with the larger one for histone peptide binding
and the smaller one for acetyl-CoA binding (Rojas et al., 1999).
Moreover, Rtt109 has conserved unique lid architecture just
above the potential substrate recognition pocket, which is novel.
Interestingly, the recently published crystal structure of semi-
synthetic heterodimeric p300/CBP HAT domain displays a strik-
ingly similar fold compared to our Rtt109 structure (Liu et al.,
2008), which suggests that they may belong to the same HAT
family. Both the Rtt109 structure and the p300/CBP HAT struc-
ture have a very similar central ab core region and similar helical
bundles at opposite ends of the structure. Although the overall
folds of these two proteins, including the unique lid architecture
and the Ac-CoA binding pocket, are quite similar, the functional
important autoacetylation region in p300/CBP is deleted at their
Structure 16, 1503–1510, October 8, 2008 ª2008 Elsevier Ltd All rights reserved 1505
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additional important structural and functional insights.
Acetyl-CoA Binding Pocket
Acetyl-CoA (Ac-CoA) is surrounded by conserved secondary
structural motifs, with its acetyl group sandwiched between
two parallel b strands (b4 and b5) and its pantetheine moiety
wrapped by b5, a2, and a4 as well as the lid architecture within
Rtt109 structure (Figure 3A). Ac-CoA adopts a linear conforma-
tion with the base group of ADP moiety p-stacked over the aro-
matic ring of side chain of H211, while the 30 phosphate exposed
to the solvent. The acetyl group of Ac-CoA locates within a hydro-
phobic pocket formed by the side chains of V85, L191, W222,
and a portion of the protein main chain from b4. At the top of
the bound Ac-CoA, there is the unique lid architecture
(Figure 3A) where the orientation of Y199 is fixed by hydrogen
bonds from its side-chain hydroxyl group to the main-chain am-
ide of residue R194 and the side chains of D89, thereby forming
a hydrogen network closing over the acetyl group of Ac-CoA
(Figure 3A). Notably, the hydrogen bond formed between side
chain of Y199 and the carbonyl group of R194 covers the acetyl
group of Ac-CoA and the tip of Y199 side chain has 3 A˚ move-
ment before and after Ac-CoA binding (Figure S3).
Figure 3. Acetyl-CoA Binding Pocket
(A) Detailed view of Rtt109 interactions with Ac-CoA and glycerol. Key interact-
ing residues are indicated and colored in red. Electron densities for Ac-CoA
and glycerol are shown in red mesh contours. Key hydrogen bonds are shown
as dotted lines. The map was calculated using Fo-Fc coefficients and phases
from the refined structure, but with the residues omitted from the Fc calcula-
tion. The map is contoured at 2.5 s.
(B) H3-K56 is acetylated by recombinant Rtt109. HAT assays were performed
using unlabeled acetyl-CoA, and the presence of acetylated H3K56 was deter-
mined by western blot analysis. The Rtt109 proteins used in the assays were
assessed by western blotting with anti-His antibody and are shown in the up-
per panel, while the histone H3 used for substrates were assessed by western
blotting with anti-H3 antibody and are shown in the lower panel.1506 Structure 16, 1503–1510, October 8, 2008 ª2008 Elsevier LtdLike other histone acetyltransferases (HATs), Rtt109 contains
the structural unique b bulge in b4 formed at invariable residues
S86 and K87 (Figure 1A) (Rojas et al., 1999; Trievel et al., 1999).
However, Rtt109 does not contain any noticeable catalytic resi-
due existing at the N-terminal of this bulge and it also lacks the
most highly conserved Ac-CoA recognition and binding motif
containing R/Q-X-X-G-X-G/A sequence after this b bulge. Our
results and others suggest that Rtt109 stands for a new family
of HATs evolved from different ancestors (Han et al., 2007a;
Driscoll et al., 2007; Roth et al., 2001).
To further investigate the molecular determinants of Ac-CoA
binding by Rtt109, we performed site-directed mutagenesis
on residues located around the Ac-CoA binding pocket.
H211AW221A double mutant abolished H3 acetylation activity,
whereas single mutants of H211A and W221A had no significant
influence on H3K56 acetylation (Figure 3B), which suggests H211
and W221 work together to properly position Ac-CoA within
Rtt109. Point mutations on the hydrogen network formed by
Y199, R194, and D89 have significant influence on H3-K56 acet-
ylation activity because R194A mutant decreased HAT activity,
and D89A mutant abolished HAT activity (Figure 3B). By con-
trast, single mutations of K87A, F192A, Y199A, D287A, and dou-
ble mutation of S86AK87A at the front entrance of the tunnel had
little influence on H3-K56 acetylation (Figure 3B). These data
suggest that this hydrogen network may play a significant role
in fixing the conformation of the lid architecture to provide a rigid
pocket for histone substrate binding.
Structural Importance of the Unique Lid Architecture
As mentioned previously, although highly conserved D89, R194,
and Y199 residues within the unique lid architecture may not di-
rectly participate in acetyl group transfer reaction from Ac-CoA
to histone substrate, the single mutation at the site of D89 or
R194 abolishes or significantly attenuates histone substrate
acetylation activity. On the other hand, highly conserved resi-
dues H211 and K210, located at the other side of the lid architec-
ture, also play very important roles in fixing Ac-CoA or stabilizing
the binding between Rtt109 and Ac-CoA. Compared with the lid
architecture within the p300/CBP structure, the corresponding
hydrogen network (D1399, Y1446, and C1438 in p300/CBP
structure) is also conserved, although the p-stacked interaction
between Rtt109 and Ac-CoA is not conserved in p300/CBP
structure (Liu et al., 2008). Based on the sequence alignment
of Rtt109 family and the structural comparison of Rtt109 with
p300/CBP, we hypothesize that the lid architecture may charac-
terize this new HAT family.
Catalytic Active Site of Rtt109
Conserved glutamate residue was proposed as catalytic key res-
idue to deprotonate lysine before acetylation for all canonical
HATs (Marmorstein, 2004). Therefore, as a new member of
HAT, Rtt109 may use the similar strategy for catalysis. D89
was reported to serve as the deprotonation residue because
a single D89A mutant abolishes the H3-K56 acetylation activity
(Han et al., 2007a). However, the location of D89 revealed from
our crystal structure has ruled out the possibility for D89 to be
the critical deprotonation residue. All the known deprotonation
residues from HATs localize at the N-terminal of a conserved
b-bulge motif, with the distance from its side chain to sulfurAll rights reserved
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tance. By contrast, the location of D89 at our structure is at the
C-terminal of the S86K87 b-bulge motif (Figure 1A). Furthermore,
the side chain of D89 is engaged in hydrogen bonding with the
side chain of K210 (2.7 A˚) and the main chain of Y199
(2.8 A˚), which is critical for the stability of lid architecture.
In order to search for the catalytic residue for acetylation within
Rtt109, we compared Rtt109/Ac-CoA structure with yEsa1/CoA
structure and identified that D288 is the acidic residue that is
superimposed most closely to the catalytic glutamate E338 of
yEsa1, although this residue is located on a different secondary
structure element (Figures 4A–4D) (Yan et al., 2000). At Rtt109
structure, the side chain of D288 forms hydrogen bonds with
acetyl group of Ac-CoA via active waters. Single mutation of
D288A abolished H3-K56 acetylation activity further demon-
strates that D288 is the key catalytic residue for histone acetyla-
tion (Figure 4F). By contrast, a single mutation of D287A or
D287W had no impact on H3-K56 acetylation (Figure 4F).
Within the active site of the Rtt109/Ac-CoA structure, the in-
variable residue K290 lies adjacent to the deprotonation residue
D288, and its side chain further forms a hydrogen bond with the
side chain of D288 (Figure 3C), which suggests that K290 may
also participate in active site formation. Notably, we have ob-
served the extra electronic density at the tip of the side chain
of invariable residue K290, which strongly suggests that this ly-
sine side chain is autoacetylated (Figure 3C). The autoacetylation
at residue K290 of Rtt109 is further confirmed by mass spec-
trometry data (Figure 3E), which is consistent with the result
from Krogan’s group (Collins et al., 2007). In addition, the acety-
lated K290 side chain is buried deeply within an aromatic cage
formed by aromatic side chains from invariable residues F84,
F192, P283, and F285 and conserved residues F270 and V329
(Figure S4A). Similar recognition mode was also observed from
the structures of acetylated-lysine recognized by bromodomain
(Figure S4B) (Mujtaba et al., 2007). We further performed the site
mutation at the residue K290 and the HAT result demonstrated
that single mutation of K290 completely abolished its H3-K56
acetylation activity (Figure 4F). Taken together, our results
strongly suggest that acetylated K290 plays significant func-
tional role for H3-K56 acetylation.
Histone H3 Lysine 56 Recognition
Our structural and biochemical analyses outlined above strongly
indicate that the active site of Rtt109 is formed by the contribu-
tions from D288 and K290. Within this active site, we have ob-
served extra density adjacent to the acetyl group of Acetyl-
CoA in addition to well refined water molecules. Notably, this
extra density is surrounded by the hydrogen network formed
by invariable residues R194, Y199, and D89, and within the dis-
tance of hydrogen bonds with Ac-CoA and b-bulge residues and
other surrounding residues, such as S86, K87, F192, and D287.
Although this extra density could be assigned as the tip of acet-
ylated H3-K56 of acetylated H3aN peptide used for cocrystalli-
zation, we modeled it as a glycerol molecule. This assignment
is consistent with the relatively low B-factor of the refined glyc-
erol in the structure and the fact that glycerol was used for crys-
tallization. Nevertheless, the glycerol position could be used as
a guide to fix the relative position of the side chain of H3-K56.Structure 16, 1503We further investigated the potential H3aN binding location,
guided by the identified position of the H3-K56 side chain.
H3aN could be bound at the widely open groove harboring the
H3-K56 anchoring pocket. Within this model, the lid architecture
protruding from the platform could prevent H3aN from sliding
through the groove and help the H3-K56 side chain to anchor
at the pocket (Figure S5A). However, the predominant basic res-
idues around the H3-K56 binding pocket may disfavor H3aN
binding and histone chaperone may be needed for sufficient
binding (Han et al., 2007a; Tsubota et al., 2007; Han et al.,
2007b). On the other hand, H3aN could be bound vertical to this
widely open groove, which harbors highly conserved residues
(Figure S5B). Recently, Rtt109 was reported to acetylate histone
H3-K9 in the presence of histone chaperone Vps75 (Fillingham
et al., 2008). This work may suggest that Rtt109 has different his-
tone substrate specificities in the presence of different histone
chaperones. Therefore, Rtt109 may provide a platform for histone
chaperone binding and the specific substrate recognition is de-
termined by the chaperone. Nevertheless, further experiments
are required to investigate Rtt109/chaperone-mediated histone
substrate recognition.
Potential Acetylation Mechanism
Although several HATs have been shown to be self-acetylated
in vitro, including PCAF, p300, Tip60, MORF, Hpa2, and Hpa3,
the exact roles of self-acetylation on HAT activity is unknown
(Sterner and Berger, 2000). HAT-catalyzed histone acetylation
was reported to take two alternative mechanisms: acetyl group
of Ac-CoA could be transferred directly from Ac-CoA to the ly-
sine side chain of the histone substrate (single-step mechanism),
or transferred indirectly via a covalent intermediate, in which the
acetyl group is attached to one side chain of the HAT itself first
before being transferred to the substrate (two-step mechanism)
(Thompson et al., 1989; Lewendon et al., 1994; Tanner et al.,
2000). tGCN5 was reported to adopt the single-step mechanism
(Tanner et al., 2000), whereas yEsa1 was reported to probably
adopt the two-step mechanism (Yan et al., 2002). The identifica-
tion of Rtt109 autoacetylation at position K290 suggests that
Rtt109 family protein may adopt the two-step mechanism for
catalysis via the formation of the acetyl-K290 intermediate, al-
though more detailed functional analyses are required to address
this issue. Nevertheless, the new Rtt109 HAT family proteins may
adopt the similar catalytic mechanism for histone substrate
acetylation, probably via the two-step catalytic mechanism.
EXPERIMENTAL PROCEDURES
Protein Purification
Recombinant Rtt109 was generated by cloning the open reading frames into
pET28a (kanamycin selection, Novagen). Rtt109D127-174 construct with 47
residue deletion was subcloned into pET28a+ vector by overlapping PCR.
Mutants of Rtt109 were prepared using the QuikChange Site-Directed Muta-
genesis Kit (Stratagene), and the constructs were verified by sequencing. To
express recombinant proteins, transformed E. coli were grown to an OD600
0.6 and then protein expression was induced overnight at 20C using
0.4 mM isopropyl b-d-thiogalactoside. After centrifugation, cells were resus-
pended in 1 mM EDTA, 1 mM dithiothreitol (DTT), complete proteinase inhibitor
(Roche, www.roche.com), 1.0 M NaCl, 50 mM Tris (pH 7.4), and lysed by cell
disruptor. After centrifugation (40,000 3 g, 1 hr), the supernatant was loaded
onto a Ni2+ affinity column that was equilibrated in 50 mM Tris (pH 7.6) with
500 mM NaCl. Nonspecific-binding proteins were washed out by the same–1510, October 8, 2008 ª2008 Elsevier Ltd All rights reserved 1507
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buffer. Pooled fractions from the Ni2+ affinity column were concentrated and
then purified on a HiLoad Superdex S-75 26/60 column (GE Healthcare,
www.ge.com), equilibrated in 500 mM NaCl, 10 mM DTT, and 25 mM Tris
(pH 7.4). The peak fractions from the Superdex S-75 were loaded on
a Mono-S column (GE Healthcare, www.ge.com) and eluted with a linear
NaCl gradient. The purified protein was concentrated to 10 mg/ml in a Micro-
con (Amicon, www.millipore.com) and was dialyzed against 50 mM NaCl.
Recombinant Asf1-H3-H4 complex used for HAT assays were expressed
and purified from E. coli as described (English et al., 2005).
Crystallization and Data Collection
Crystals of Rtt109 were grown by hanging drop vapor diffusion at 20C. Typ-
ically, a 3 ml hanging drop contained 1.5 ml of protein (2 mg/ml) mixed with 1.0 ml
of reservoir containing 10% PEG 550 MME, 0.3 M ammonium citrate, dibase,
100mM Tris (pH 8.5), 10% glycerol, 5% ethylene glycerol, and 0.1% b-OG,
0.3 ml 0.1 M TCEP and 0.2 ml seed crystals, and equilibrated over 1 ml of reser-
voir solution. These crystals grew to a maximum size of 0.15 mm3 0.15 mm3
0.05 mm over the course of 7 days.
For data collection, crystals were flash frozen (100K) in the above reservoir
solution supplemented with 30% PEG550MME. A total of 360 frames of 1 os-
cillation were collected for each crystal. The data were collected on beamline
X12C at the National Synchrotron Light Source at Brookhaven National Labo-
ratory and were processed by HKL2000 (www.hkl-xray.com). The crystals
belong to space group C2, with unit cell parameters listed in Table S1.
Structure Determination
The crystal structure of Rtt109 was determined by single wavelength anoma-
lous diffraction using SOLVE/RESOLVE (http://www.solve.lanl.gov) and the
SAD phase was calculated and improved by density modification assuming
a solvent content of 48% using the SHARP program (http://www.
globalphasing.com). The model was built by using the program O (Jones
et al., 1991) and refined using REFMAC/CCP4 (CCP4, 1994). The R-free set
contained 5% of the reflections chosen at random. The model comprises
residues 1–404. Disordered regions, including loop segments 143–174 and
the C-terminal tail 405–436, were not included in the model.
HAT Assays
HAT assays with recombinant Rtt109 (N-terminal His-tagged) were performed
in 15 ml buffer (50 mM Tris-HCl [pH 8.0], 5% [w/v] glycerol, 80 mM NaCl,
0.1 mM EDTA, 1 mM DTT, 1 mM PMSF) with 25 mM acetyl-CoA (Sigma,
www.sigma.com) and 6 pmol Asf1/H3/H4 complex (Tsubota et al., 2007). Re-
actions were incubated at 30C for 30 min and stopped by addition of SDS
loading buffer. Western blot analyses using anti-Acetyl-H3K56 antibody (Up-
state Biotechnology, www.upstatebiotechnology.com) and anti-H3 antibody
(Abcam, www.abcam.com) were performed.
ACCESSION NUMBERS
Atomic coordinates and structure factor amplitudes have been deposited in
the Protein Data Bank under the accession number 2RIM (Rtt109 free form)
and 2ZFN (Rtt109/Ac-CoA complex).SUPPLEMENTAL DATA
Supplemental data include five figures and one table and can be found with
this article online at http://www.structure.org/cgi/content/full/16/10/1503/
DC1/.
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